Background: In previous results mice treated with high dilutions of antimony presented reduction of monocyte migration to the site of infection with increase in B lymphocytes population in the local lymph node. Aims: To know the mechanisms involved, a series of in vitro studies was done, using co-cultures of macrophages (RAW 264.7) and Leishmania (L.) amazonensis treated with different dilutions of antimony (Antimonium crudum or AC), in different times. Methodology: Spreading, phagocytosis, the oxidative activity of macrophages, the viability of free promastigotes and the cytokines/chemokines concentration in the supernatant were evaluated. The assays were performed in quadruplicate. Results: Cells treated with AC 30 cH (10 À58 M) and AC 200 cH (10 À398 M) presented a temporary reduction of the spreading after 02 h of incubation, followed by increase after 48 h, being the most significant increase observed after the AC 200 cH treatment. However, the percentage of internalized parasites at 48, 96 and 120 h of incubation was also higher in cells treated with AC 200 cH. It is suggested that the AC 200 cH improves the ability of phagocytes to internalize the parasites, but not to digest them. The cytokines-chemokines panel corroborated these results. Both dilutions potentiated the parasiteinduced reduction of cytokines production, especially IL-6, IL 12 p40 and c-IFN, after 48 h of incubation.
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Background: In previous results mice treated with high dilutions of antimony presented reduction of monocyte migration to the site of infection with increase in B lymphocytes population in the local lymph node. Aims: To know the mechanisms involved, a series of in vitro studies was done, using co-cultures of macrophages (RAW 264.7) and Leishmania (L.) amazonensis treated with different dilutions of antimony (Antimonium crudum or AC), in different times. Methodology: Spreading, phagocytosis, the oxidative activity of macrophages, the viability of free promastigotes and the cytokines/chemokines concentration in the supernatant were evaluated. The assays were performed in quadruplicate.
Results: Cells treated with AC 30 cH (10 À58 M) and AC 200 cH (10 À398 M) presented a temporary reduction of the spreading after 02 h of incubation, followed by increase after 48 h, being the most significant increase observed after the AC 200 cH treatment. However, the percentage of internalized parasites at 48, 96 and 120 h of incubation was also higher in cells treated with AC 200 cH. It is suggested that the AC 200 cH improves the ability of phagocytes to internalize the parasites, but not to digest them. The cytokines-chemokines panel corroborated these results. Both dilutions potentiated the parasiteinduced reduction of cytokines production, especially IL-6, IL 12 p40 and c-IFN, after 48 h of incubation.
In addition, the production of MIP-1 beta (CCL4), a chemokine involved in chronic inflammation, was also reduced after 120 h. A specific effect of AC 30 cH was seen by the inhibition of two peaks of CCL2 (MCP-1) observed in infected macrophages, at 24 and 120 h. Since this cytokine is an important chemokine for monocytes, it explains the results obtained formerly in vivo. The morphology of macrophages after acridine orange staining revealed that the treatment with AC 30 cH reduced substantially the acid vacuoles in the cytoplasm, indicating a certain inability of these cells to digest the parasites. On the other hand, a large peak of VEGF-A, associated with increase of internalized parasites was observed after 120 h of treatment with AC 200 cH, which could be associated to the regulation of the chronic inflammation events by M1-M2 polarization. There was no statistical difference among groups regarding the production of TNF, NO and H 2 O 2 , showing that the drugs do not alter macrophage cytotoxic activity. A clear quantitative and qualitative variation of the modulatory effects of AC 30 cH and 200 cH was seen, in function of time. Conclusions: Both dilutions were able to potentiate the decrease of most of cytokines and chemokines induced by the parasite infection in vitro, which explains the clinical improvement seen previously in vivo, however, the mechanisms involved and the epidemiological significance of these findings are still under discussion. Ó 2017 Elsevier Ltd. All rights reserved.
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Introduction
The protozoans Leishmania spp. infect resident tissue macrophages to their intracellular replication. These protozoans cause a heterogeneous group of subtropical and tropical neglected diseases, known as leishmaniasis, which have a variety of symptoms, from skin lesions to fatal visceral disease [1, 2] . About 95% of cases of American Cutaneous Leishmaniasis (ACL) occur in the Americas, but similar forms are seen in the Mediterranean Basin, the Middle East and Central Asia [3, 4] . The Amazon has currently about half of the 20,000 annual cases of ACL registered in Brazil [5, 6] .
In the context of the immune response, the factors that predispose to resolution or persistence of infection involve since the healthiness of the host immune system [7, 8] to the parasite species [9] , besides the possible patterns of relationship between parasite and host cell [10, 11] . After recognition of the parasite, macrophages are activated and can phagocyte and destroy the parasites through the generation of oxidative burst and nitric oxide production [12, 13] , although the escape mechanisms of the parasites are difficult to overcome. The phagocyte surface receptors serve as an entryway for these parasites and can interfere with the outcome of phagocytosis, mainly CR3 [14] .
Infection by Leishmania spp. induces the production of certain cytokines by infected cells and inhibit others to modulate the local cell recruitment and cell differentiation, to facilitate the parasite reproduction [15, 16] . The response profile also comprises adaptive immunity, thus, in the stimulation of CD4 + Th1 lymphocytes there is IL-1, IL-2, IL-12, IFN-c and TNF-a production to promote macrophage activation. In the case of Th2 stimulation, the involved cytokines are IL-4, IL-5, IL-10 and IL-13, which inhibit macrophage activation and contribute to the survival of the protozoans [17] [18] [19] [20] . The polarization of infected macrophages to the M2 pattern also seems to be an important event in the evolution of leishmaniasis. The VEGF production associated with inhibition of NO, TLR-4 + , TLR-2 + , IL-1b, IL-6 and IL-8 shows such a polarization [21, 22] . Also, the balance between IL-27 and IL-17 cytokine is also a critical factor in the evolution of chronic lesions of visceral leishmaniosis [23] . Thus, the panel of cytokines and chemokines involved and their signaling pathways determine the dichotomy of the immune response and the evolution of the lesions.
The pentavalent antimonial drugs are the first choice for the treatment of cutaneous lesions in the ACL [24] and induce the increase of various pro-inflammatory cytokines in plasma of treated patients, such as IL-1b, IL-6, IL-8 and TNF-alpha, contributing to a more effective immune response [25] . However, the high probability of drug resistance has been a limiting factor for the use of pentavalent antimony [26, 27] . In addition, various side effects are reported as skeletal muscle pain, nausea, vomiting, diarrhea, abdominal pain, headache, anorexia, asthenia, fatigue, fever, rash, erythema and urticaria [28, 29] . Other drugs are also used for the treatment of leishmaniasis, as amphotericin B, mefloquine and chloroquine, but the toxicity and resistance are also prevalent in these cases [30] [31] [32] .
In a previous study, it was shown that the antimony sulfide prepared at high dilution (Antimonium crudum or AC), according to the homeopathic pharmaceutical techniques, was able to inhibit the chronic inflammatory response and induce clinical improvement with increased quality of life of mice infected experimentally with Leishmania (L.) amazonensis [33] . In this study, during the acute phase, there was significant increase of local edema, as well increase in the number of free parasites and B lymphocytes inside the lesion. Increase of B lymphocytes (predominantly B-2 cells) was also seen in the local lymph node, spleen and peritoneum. In the chronic phase, the inflammatory process inside the infection focus was reduced, with strong inhibition of phagocyte migration and peritoneal increase of B-1a cells (precursors of B-2 immunoglobulin producer cells) and T CD8+ cells. As conclusion, the treatment of mice with AC 30 cH induced a predominantly B cell pattern of immune response in Leishmania (L.) amazonensis experimental infection, which could be associated to the downregulation of phagocytes, alongside the increase of not phagocyted parasite in the infection site. This context could be favorable to an arrest of the parasite cycle inside the host, broken the ''Trojan horse" effect.
Thus, in the present study, we seek for more refined data to explain the macrophage behavior towards treatment with high dilutions of antimony in vitro, using the model of co-culture with Leishmania (L.) amazonensis.
Material and methods

Experimental design
Antimony was prepared in high dilutions in accordance with the methods described in Brazilian Homeopathic Pharmacopoeia -3rd Edition, 2011 [34] . Morphological analysis of the cells kept in co-culture and subjected to different treatments was made by light microscopy using Giemsa staining method and fluorescence microscopy using vital acridine orange dye. In this case, the DNA (parasitic and macrophagic) is observed in green by metachromasia and the phagocytic acid vacuoles are seen in orange. This method enables the evaluations of patterns of interaction between the parasite and the host cell after phagocytosis. To observe the adherence of parasites to macrophages at the time of interaction, the scanning electron microscopy was made after 30 min of incubation.
Preparation of drugs
The highly diluted antimony was prepared according to the regulations of the Brazilian Homeopathic Pharmacopoeia -3rd Edition, 2011, being named Antimonium crudum (AC). According to international regulations, this preparation is made from the mineral antimony sulfide (Sb 2 S 3 ) with purity of at least 95% [35] , which is triturated 1:10 in lactose, in three successive passages. The product of this grinding is diluted into 20% ethanol in proportion 1:100 w/v, so called Antimonium crudum 4 cH (fourth centesimal Hahnemannian dilution). The following dilutions are made serially in 70% alcohol, always in the ratio 1:100, until reach the desired dilution. For each dilution a 100 times vertical shaking (named succussion) is made.
In this work, the stock dilutions were purchased from homeopathic pharmacy HN Cristiano Ò , São Paulo, Brazil, accredited by the National Health Surveillance Agency -Brazil (ANVISA). All dilutions were prepared according to the method described above, up to 29 cH and 199 cH. In both cases, the work dilutions, also at a 1: 100 ratios, were prepared in our own laboratory, at the time of use, using pure autoclaved water obtained by reverse osmosis. Then, they were succussed (agitated vertically) in a mechanical arm (Denise -Autic After preparation, the labels of the bottles were changed by staff not involved in the experiment laboratory. The labels were replaced by codes and they were stored in a sealed envelope by the end of the statistical analysis. Thus, the experimental procedure was carried out in blind.
Protocol of co-culture of macrophages and Leishmania amazonensis
The Federal University of Paraná (UFPR) and the Cell Bank of Rio de Janeiro (BCRJ), Brazil, provided RAW 264.7 macrophages used. Initially, sterile round coverslips were added to sterile 24-well plates, for sowing macrophages. They were previously expanded in bottles for cell culture in RPMI-1640 medium (CUTILAB). After the confluence of the cells reached 90%, cell detachment was held with the help of a Cell Scraper (SARSTEDT) and centrifuged for 3 min at 1000 rpm. The supernatant was discarded and the pellet was homogenized in RPMI-1640 for cell counting in a Neubauer chamber, using 0.4% Trypan blue (MERCK) to check cell viability. The cells were distributed in plates with the amount of 5 Â 10 5 per coverslip, added with RPMI-1640 (CULTILAB) enriched with 10% fetal bovine serum (GIBCO), in sufficient amount to complete 500 ll per well.
The incubation of the plate was performed in a CO 2 incubator at 37°C for 4 h, for adhesion of macrophages. Then, 10 parasites by macrophage were inserted in each well, followed by incubation at 34°C for 4 h in RPMI-1640 to the internalization of parasites. Leishmania (L.) amazonensis strain MHOM/BR/73/M2269 was provided by the Faculty of Medicine, University of São Paulo -FMUSP. The parasites were obtained in pure culture and maintained in RPMI-1640 medium (10 ml), 25°C, supplemented with 10% fetal bovine serum, 2% male human urine and 1% penicillin (100 U/ml) and gentamycin (0.1 mg/ml). After internalization, the drugs were filtered through Millipore Ò 22-lm filter to prevent contamination and added in equal volume to 20% of the culture medium. A strengthening treatment was done after 24 h, by volume equal to 1% of the culture medium. Cultures were maintained at 37°C in a CO 2 incubator at different times: 2, 24, 48, 72, 96 or 120 h, depending on the analysis performed. Samples were treated in quadruplicate. For the analysis of spreading and phagocytosis, three series of experiments were performed for each time, which generated a total of 12 datapoints for each treatment studied.
Giemsa staining
Coverslips, allocated at the bottom of each well, were washed two times with PBS (SIGMA), and then, absolute methanol was added for 15 min to fix the cells. The Giemsa stain, already filtrated, was placed on coverslips to overlay them for 15 min. Then, the cover slips were washed with distilled water, dried and the next day were assembled with Entellan Ò (MERCK) on histological slide.
Analysis of spreading and phagocytosis
Ten microscopic fields per coverslip stained with Giemsa were recorded in digital photos (NIKON Eclipse 200 Microscope with Coolpix Ò capture system) using a 40Â objective. The images were analyzed in Metamorph Ò software for automatic measurement of the area of each macrophage (spreading). The percentage of phagocytosis was determined by the ratio of visual count of phagocyted and not phagocyted protozoans, totaling 10 fields per coverslip. The percentage was used as a parameter instead of phagocytic index because in all tests 100% of the cells have phagocyted at least one parasite.
Viability of not internalized promastigotes
The observation of the number of parasites not internalized and possible occurrence of apoptosis by secretion of pro-apoptotic substances by the infected and treated macrophages were checked in this step. The count of free promastigote forms in the supernatant was taken at 24, 48 and 72 h, using the automated method Countess Ò (LIFETECH) and ANNEXIN-PI KIT Ò (LIFETECH)
to evaluate the apoptotic index, following the guidelines of manufacturer.
Hydrogen peroxide release assay
According to [36] , macrophages were suspended in RPMI-1640 medium and plated in quadruplicate in 96 flat bottom well culture plate, at a concentration of 10 4 cells in 100 ll per well. Incubation took place for 2 h in CO 2 incubator at 37°C. After this time, the culture medium was replaced and 10 5 promastigotes were inserted; the culture plates were incubated for 24 h at 37°C in a CO 2 incubator. Then, 100 ll of buffer were added to each well, which was a mixture of three solutions: solution 1 (80 ml distilled water, 8 g NaCl, 0.2 g KCl, 0.2 g KH 2 PO 4 , 1.15 g Na 2 HPO 4 ), solution 2 (30 ml of distilled water and 0.3 g CaCl 2 ) and the solution 3 (30 ml distilled water and 0.64 g MgCl 2 ). In addition, 0.1 ml of phenol red (INLAB) was added to the solution, with 0.1 ml of Peroxidase (SIGMA), 1 ml of Glucose (DINÂMICA) and 7.8 ml of distilled water.
This final solution was distributed in 100 ll per well, together with 10 ll of phorbol myristate acetate, PMA (SIGMA). The incubation was carried out for 1 h at 37°C in a CO 2 incubator. To block the reaction, 10 ll of NaOH (DINÂMICA) 1 N was added into each well.
Finally, the reading was performed on ELISA reader, with a 620 nm filter.
Nitric oxide production assay
Supernatants from cells kept in co-culture at different times of treatment were transferred to the plate reader, where the Griess reagent [1% sulfanilamide (SIGMA), added to 0.1% of NEED (SIGMA) and 2.5% of phosphoricacid (SIGMA)] was added at a ratio of 1:1 (v/v) in the supernatant and incubated for 10 min. Then, the plate was read in ELISA reader, at 540 nM. Subsequently, reading values were compared to a standard curve of NaNO 2 (200, 100, 50, 25, 12.5, 6.25, 3.125, 1.562, 0.781 lM) and results were expressed in lM of nitrite released by 5 Â 10 5 cells.
Cytokine-Chemokine production
Culture supernatants of infected macrophages were harvested after 02, 24, 48, 72, 96 and 120 h, for subsequent centrifuging and freezing at À80°C. The dosage of cytokines and chemokines was made by Luminex MAGPIX Ò method (EMD Millipore Ò ), using the MILLIPLEX MAG PIX for 12 peptides, according to the manufacturers' instructions: IL-1a, IL-1b, IL 6, IL 10, IL12 p40, IL12 p70, MIP-1b (CCL4), cIFN, MCP-1 (CCL2), RANTES (CCL 5), GM-CSF and VEGF-A. The results were expressed as pg/ml.
Fluorescence microscopy and morphological analysis
Coverslips containing co-cultures of RAW 264.7 macrophages and Leishmania (L.) amazonensis of 2, 24 and 120 h were incubated with acridine orange dye (INLAB) to verify the phagocytic activity in real time. The fluorescent dye marks the cellular DNA in green, by metachromasy process, when observed in a fluorescence microscope (OLYMPUS BX60). The lysosomes and acidic vacuoles (phagolysosomes) are marked in orange, whose intensity reflects the degree of acidity of the structure. Thus, it is possible to observe internalized leishmanial parasites and its relationship with the phagocytic vacuoles. Representative microscopic fields were recorded in digital capture system (Eye Camera DINO-EYE Ò , AM7023) with a resolution of 5 MP.
Scanning electron microscopy
The scanning electron microscopy (SEM) was carried out in partnership with the Federal University of Paraná-UFPR. After 02 h of plating RAW 264.7 macrophages on glass coverslips, co-cultured with the parasites at 37°C in 5% CO 2 , the cells were washed twice with 0.1 M sodium cacodylate buffer (MERCK), pH 7.2. Then, the cells were fixed for 1 h with 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer and post fixed in 1% osmium tetroxide, in the same buffer for 1 h in the dark. The samples were dehydrated in alcohol battery (MERCK) 30 
Results
Spreading and phagocytosis
The times of 02, 48, 96 and 120 h were evaluated for spreading and phagocytosis. Cells treated with AC 30 cH and 200 cH showed transitory reduction of spreading compared to the control after 2 h of incubation, followed by increase after 48 h, being even more significant after treatment with AC 200 cH (Kruskal-Wallis/Dunn, p < 0.05). The peak of spreading in infected untreated cells (control + L amazonensis) occurred after 96 h (Fig. 1) . The additional analysis with two-way ANOVA showed interaction between time and treatment in relation to spreading (p < 0.0001), it means the time factor affects the outcome of treatment.
The (Fig. 1) .
Presence of free promastigotes in the supernatant and its viability
The free promastigotes counting in the supernatant after 24 h of incubation showed increase of the parasites number in co-culture treated with AC 30 cH (ANOVA, Tukey Kramer, p < 0.05) compared to control. The percentage of positive parasites to annexin did not differ among groups, showing that the treatment did not interfere with the parasites ability to develop apoptosis (Fig. 2) .
NO and hydrogen peroxide (H 2 O 2 ) metabolites production
There was no statistical difference among the groups in relation to the production of NO metabolites and H 2 O 2 in any of the studied times (Figs. 3 and 4) .
Cytokine, chemokine and VEGF-A production kinetics
Cytokines and chemokines concentration in the supernatant were evaluated according to a kinetic in function of time. Two peaks of MCP-1 (CCL2) were seen in infected untreated macrophages, at 24 and 120 h, but only AC 30 cH inhibited them, following the same profile of the uninfected control (Fig. 5) GM-CSF, IL12 p70 and IL10 presented the same profile, but with high variance index, being non-parametric variables. No statistical significance was seen in this case (Kruskal-Wallis/Dunn) (Fig. 6) . Moreover, the levels of IL10 were below the minimum detectable concentration of the kit, as declared by the manufacturer.
IL-1a and IL-1b have been identified as non-parametric variables and showed no statistically significant differences between groups (Kruskal-Wallis). There is, however, a clear tendency IL-1b have the same profile of other cytokines regarding the inhibition of the peak in 48 h, as seen in all infected cultures. In this case, the calculated g 2 = 0.710, showing high relevance of this finding.
IL-1a, instead, showed a peak in 72 h only in infected and untreated cultures. This peak was delayed for 120 h in the infected and treated with AC 30 cH cultures (Fig. 7) . However, no statistical significance could be seen in this case.
The chemokines MIP-1b (CCL4) and RANTES (CCL5) presented their peaks lately in no infected cells, which were reduced after 72 h in all infected cultures, regardless the treatment with AC (Kruskal-Wallis/Dunn, p < 0.05). These results are shown in Fig. 8 .
A late increase (72-96 h) with a clear peak of VEGF-A after 96 h was observed in samples submitted to the treatment with AC 200 cH, regarding to untreated control (Kruskal-Wallis/Dunn, p < 0.05) (Fig. 9 ). Even presenting a large confidence interval, the calculated g 2 = 0.614 reveals high effect size and biological relevance, regarding to this variable at 96 h.
Morphology
The observation of cell morphology by fluorescence microscopy using the acridine orange method was taken at different times, representing both the start of phagocytosis (2 h of incubation) and chronic phase (120 h). The observation of the Giemsa stained cells was performed at the same times (Figs. 10 and 11) .
After 2 h of incubation, the acridine orange staining revealed cells of control and AC 200 cH groups showing acid vacuoles highly stained in orange, scattered throughout the cytoplasm. In contrast, the AC 30 cH treated group exhibited macrophages practically free from acid vacuoles, only the parasite DNA expressed in green was seen, denoting smaller capacity of parasites digestion after this treatment (Fig. 10) . The scanning electron microscopy accomplished in fixed material after 30 min of incubation showed that there is no qualitative difference between treatments in the process of internalization of parasites per se (Fig. 12) In the chronic phase, after 120 h, the acridine orange staining revealed that the presence of DNA from internalized amastigote forms -stained in green -was evident in control cells, without the presence of orange acid vacuoles. On the other hand, acid vacuoles were still seen in co-cultures treated with AC 30 cH.
The comparison of these patterns in different times suggests certain ''delay" in phagocytic activity induced by AC 30 cH, in relation to control. The treatment with AC 200 cH, as shown in 120 h, displayed the same pattern seen in the acute phase, with homogeneous distribution of acid vacuoles within the cytoplasm. Note that the presence of multinucleate cells became apparent in this group. The presence of undigested parasites, as seen in Giemsa staining, was also evident (arrow) (Fig. 11 ).
Discussion
Recent studies have shown that some homeopathy drugs can modulate inflammation and immune response but not act as classical anti-inflammatory drugs [37] [38] [39] [40] . This modulation is, at least in part, associated to simultaneous gene expression of several important regulatory peptides and enzymes [39, 41, 42] . In the case of AC 30 cH, the effect on mice bearing cutaneous leishmaniasis pointed toward the reduction of the migration of monocytes to the site of infection and, consequently, reducing the expansion of the parasite cycle in the host, broken the ''Trojan horse" effect [33] . Herein, an in vitro study was useful to explain the involved mechanisms, since an early reduction of parasite internalization could be seen in an isolated system, when only macrophages and parasites were kept in co-culture. Moreover, it was associated to inhibition of several cytokines and chemokines, mainly MCP-1, which justify the effects observed in vivo.
However, since the number of internalized parasites was quite high, even after 5 days of co-culture, the complete clearance of parasites inside the macrophages was not seen, showing that this drug has no anti-parasitic effect and was unable to activate the macrophages to do it. This observation is also in accordance with that observed previously in vivo, in which infected adipocytes could be seen even after 60 days of infection in AC 30 cH treated mice, because monocyte migration was still very reduced at this time [33] .
The knowledge about the modulatory activity of drugs prepared according to homeopathic techniques on macrophage activity is not new. Recent studies have shown that homeopathic medicinal products prepared by high dilutions of known substances can change the macrophage functions in vitro and in vivo. In [43, 44] , Mercurius solubilis added to the culture medium at different dilutions increased the production of cIFN and nitric oxide. More recently, it was shown that treatment of macrophages in vitro with homeopathic Arnica montana in different dilutions can modulate its function by changing gene expression of key-mediators [39, 41] . Nascimento [45] showed that the homeopathic complex M1 composed of a mixture of 15 drugs in different dilutions decreased endocytic rate, the percentage of infected macrophages and increased the production of cytokines involved in Th1 response in vitro, preventing the development of lesion caused by L. amazonensis in mice. It worth to mention that, besides macrophages, other cells are also sensitive to homeopathic drugs in vitro [46] [47] [48] .
Herein, two peaks of MCP-1 (CCL2) were seen, at 24 and 120 h, in infected but not treated macrophages. However, after AC 30 cH treatment, these peaks disappeared. This finding, together with the synergism of AC 30 cH in relation to the reduction of MIP-1 beta (CCL4), IL6, IL12 p40 and cIFN induced by the infection itself, can justify the anti-inflammatory effect and clinical improvement of infected mice treated with this drug, in which monocytes, CD3+ and CD45RA+ lymphocytes were significantly reduced in the infection site, as previously observed [33] . Since the continuous migration of monocytes to the infection site allows the parasite reproduction and the evolution of lesions [28] , this effect can be seen as an interference in the parasite cycle.
As mentioned before, no effect was seen regarding to the parasite clearance, even after phagocytosis. The known anti-parasitic effect of antimony seems to be lost after serial dilutions during homeopathic drug manipulation. This evidence is supported by the negative results on the cell respiratory burst, since the production of peroxide and NO was not changed after AC 30 cH or 200 cH treatment. The production of these metabolites and some cytokines are crucial for the digestion of parasites inside the phagocytes [29, 49, 50] .
Besides the changes in cytokine production and cell recruitment, perhaps the most interesting aspect related to AC 30 cH would be the morphological changes, especially in the early stages of phagocytosis. Cells stained by the acridine orange and visualized at the fluorescence microscope showed marked reduction of acid vacuoles in the cytoplasm, even with the presence of internalized parasites, suggesting changes in the capacity of cells to digest them. However, few acid vacuoles were seen in cells treated with AC 30 cH after 120 h of incubation, unlike the infected untreated cells that no longer presented morphology compatible with such activity.
Briefly, it seems that the treatment of infected macrophages with AC 30 cH could delay some functions, such as parasite digestion. The recent findings of Marques da Silva [51] corroborates our results. This author has shown that pre-treatment of co-cultures of J774 macrophages and Leishmania (L.) infantum chagasi with AC 30 cH produced significant increase in the percentage of internalized parasite after 72 h of incubation, also suggesting a certain .294 and at 120 h, the g difficulty of these cells in digesting parasites, even in the chronic phase of infection. According to the literature, it seems that macrophages RAW 264.7 are more sensitive to phagocytosis inhibition after being stimulated, as a self-recovery effect [52] . So, it can be considered a good model to put in evidence such modulatory effects.
The transitory increase of promastigotes in the supernatant after 24 h of treatment with AC 30 cH can represent a stressful stimulus to the parasites, since they would not have access to important metabolites available in the host cell [53] . Even though, the percentage of parasites performing apoptosis did not differ from the control, indicating some parasite adaptation. In vivo, the presence of free parasites in the infected tissue was also observed after AC 30 cH treatment, which could be also related to the B lymphocytes migration to this site and to local lymph nodes [33] . Indeed, the T cell hyposensitivity is commonly observed in Leishmania (L.) amazonensis infection, taking the lesions to a pattern called ''anergic diffused cutaneous leishmaniasis" [9, 54] , but it depends on the parasite capacity to recruit more and more macrophages to reproduce themselves. Herein, this recruitment was blocked.
The effects of AC 200 cH on the infected cells were qualitatively different from those generated by AC 30 cH. Different effects between dilutions, without dose-response relation, are commonly seen in both clinical practice and experimental conditions, considering homeopathic drugs [42, 55, 56] . In the case of AC 200 cH, a bi-phasic pattern could be seen: the transitory peak of spreading after 48 h, together with the potentization of parasite-induced IL-6, IL-12p40 and cIFN was followed by a late increase of VEGF, from 72 to 120 h. These results suggest a different mechanism from that observed in cultures treated with AC 30 cH, in which a late M1-M2 polarization of treated macrophages might be associated with the control of fibroblastic activity and angiogenesis, if used in vivo [57] . Although the production of IL-10 (other M2 marker) has not been detected, it is understood that both cytokines have independent dynamics in the control of inflammation and the simultaneous production of both cytokines is not necessary to trigger M1-M2 polarization [58] . The morphology of treated phagocytes with AC 200 cH showed the occurrence of multinucleated cells after 120 h, which could also represent the adaptation of these phagocytes to chronic inflammatory processes. The factors involved in the relationship between parasite and host are complex. Although the Th1 inflammatory profile is the most beneficial to the natural resolution of leishmaniosis [59] , the chronicity, produced by continuous stimulation of inflammatory cells and mediators of inflammation lead to hypertrophic and even deforming injuries [60] . The pro-inflammatory cytokines and their effects, therefore, cause progressive and systemic disorders leading to chronic diseases [61] . There is an ''immune conflict" because the same immune response that reduces infection worsens the clinical course. Thus, the role of AC 200 cH in this context of chronicity and its clinical usefulness in the treatment of chronic hypertrophic lesions remains unknown and deserves further investigation.
In short, the immune modulation activity of high diluted antimony seems occur by mechanisms different than those observed in antimony in known therapeutic doses, in which the antiparasitic effect is associated to the increase in plasma levels of IL-1b and IL-6 [25, 62, 63] . This counterpoint is an invitation to more studies and replication, but also opens the perspective to the possibility of association of both formulas as new therapeutic strategies to ACL control, respecting their particularities and limitations, of course. That is the main contribution of this work: show evidences that high diluted antimony might have specific biological features on cutaneous leishmaniasis and that a deeper understanding of these features could inspire researchers to find new strategies to promote health, mainly in countries where parasitic diseases are important epidemiological problems. In Brazil, the use of homeopathy in the official Unified Health System (SUS) follows the guidelines of the National Plan on Integrative and Complementary Practices (PNPIC) of the Brazilian Ministry of Health [64] . In India, with the creation of AYUSH Ministry (Ayurveda, Uoga, Unani, Siddha and Homeopathy) in 2005, homeopathy has joined the management policy of community health problems [65, 66] .
Surely, the treatment with homeopathic dilutions of antimony it is not enough to ''substitute" the conventional treatment but, if the findings presented here could be reproduced by other research centers, one could propose their use as an adjuvant to facilitate the action of anti-parasitic drugs, reducing the time of the treatment and, thus, its toxicity and parasite resistance. Today, the main trouble is that parasites may often growth faster than the interval of antimony doses and an additional strategy able to change this dynamic, by reducing the parasite reproduction, could be very useful. Undoubtedly, further studies about this possibility of drug association, the reproduction of the presented data by different researchers and the understanding of the exact mechanism of action of highly diluted substances are still needed, but the presented findings can be a starting point. About the mechanisms involving the biological effects of high dilutions, the most recent data found in the literature point to two main hypotheses: the nanopharmacology hypothesis and the water patterns hypothesis. The former hypothesis emerged from the finding reported by Chikramane et al. [67] , in which nanoparticles of the starting substance could be identified even in very high dilutions. This hypothesis is supported by other researchers [68] [69] [70] , but it is still under scrutiny. On the other hand, other possibilities have been shown, such as the imprinting of recursive specific patterns of organization of water molecules after the dilution of known substances and the agitation of the liquid, leading to measurable changes in electromagnetic properties of the water, even if such water clusters are fleeting structures [71] [72] [73] [74] [75] . In this case, the presence of particles in the water would rise secondary properties, whose role in biological functions is still unknown. Up to now, there is no consensus about these hypotheses, since these studies are very recent.
Although the data presented are related to basic research, we have seen that experimental studies about homeopathy are translational, as clinical outcomes are also seen in several animal models [76] [77] [78] . Since the balance of cytokines and macrophage activity are essential points to the ACL clinical development, in both humans and animals, our findings suggest that, if these finding can be confirmed, homeopathic high diluted antimony could be an interesting clinical tool, because of the perspective of reducing the ''Trojan horse effect" in association to a classical anti-parasitic treatment, maybe resulting in better quality of life to the patients, with less toxicity and parasitic resistance.
Conclusion
High 
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